In vivo electrophysiology: Mice were anesthetized with choral hydrate 4% (480 mg/kg i.p.) and maintained with supplemental doses as required (120 mg/kg i.p.). Mice were positioned in a stereotaxic frame and their body temperature was maintained at 36-37°C using a homeothermic heating pad. Anesthesia was continually monitored by testing reflexes to gentle corneal stimulation and a cutaneous pinch. A craniotomy was performed to expose the cortex overlying the left VTA. Recording electrodes were pulled with a vertical puller from borosilicate glass capillaries. Electrodes were broken back to give a final tip diameter of 1-2 μm, were filled with a saline solution (0.5M NaCl) and lowered into the VTA at a 10° angle (coordinates from bregma: AP -3.0--3.4, ML -1.1--1.4, DV -3.9-4.5). A reference electrode was placed in the subcutaneous tissue. Electrical signals were AC coupled, amplified and monitored in real time using an audiomonitor (custom made). Any 50 Hz noise was eliminated using a Humbug. Signals were digitized at 20 kHz (for waveform analysis) or 5 kHz and stored on hard disk using a custom-made program within IGOR. The bandpass filter was set between 0.3 and 5 kHz. Cell types were distinguished based on established electrophysiological properties (DA neurons: biphasic action potential of more than 1.1 ms duration) (35).
Simultaneous light stimulation:
A craniotomy was performed to expose the cortex overlying the left VTA, of a size large enough to accommodate the guide cannula and the recording electrode. The cannula was stereotaxically positioned and slowly lowered vertically into position at the dorsal boundary of the VTA (coordinates from bregma: AP -3.3, ML -1.3, DV -4.4, 10° angle). Dental cement was used to secure the cannula whilst taking care not to allow cement to cover the craniotomy. A fiber optic cable was then lowered through the guide cannula so that ~50 μm of fiber protruded from the guide cannula, and attached to a 473 nm solid-state laser for optical excitation or an amber laser (593 nm) for optical inhibition. The laser was controlled using the Igor program via a TTL box. After baseline recording of the spontaneous activity of VTA cells, the laser was switched on for 2 s continuously and off for 8. This optical stimulation was repeated 100 times for blue light stimulation of ChR2 and 30 times for amber light stimulation of halorhodopsin. The processed data were dis-played as event raster plots, binned peristimulus time histograms (PSTHs), or firing rate plots. Event raster plots show the time markers of detected activity of 100 consecutive light responses. For the PSTHs, bins of 100 ms width were analyzed. Baseline firing rate values were obtained by calculating the mean and standard error of counts per bin of the initial 1.5 s of the recording. Light stimulation firing rate values were obtained by calculating mean and standard error of counts per bin of 1.5 s, 500 ms after light onset. Firing rates during light stimulation were normalized by dividing all values of the 1.5 s interval by the 1.5 s at baseline. Data for firing rates are plotted as mean and s.e.m.
Juxtacellular labeling:
Recording electrodes for electrophysiological experiments were filled with a 0.5M NaCl solution containing 1.5% neurobiotin. Following electrophysiological recordings, neurons were juxtacellularly labeled with neurobiotin for confirmation of cell type and position (36). Briefly, positive current pulses were applied through the recording electrode to the neuron. Current amplitude was increased until neuronal action potentials became entrained with the current pulses. This was continued for 30 s -10 min, at which point the current was switched off and the electrode reversed away slowly from the neuron. After allowing 30 min -4 hours for transport of the neurobiotin within the neuron, animals were prepared for immunohistochemical processing.
Immunohistochemistry: Animals were given a lethal dose of choral hydrate and perfused transcardially with 4 % paraformaldehyde (PFA) in phosphate buffer (PBS). Brains were removed and left in 4% PFA overnight before being transferred into PBS ready for immunohistochemical processing. Brains were washed in PBS and 50 μm horizontal sections of the VTA were prepared. Slices were immersed in PBS containing 0.3% triton for tissue permeabilization. To reveal labeled cells using the juxtacellular method, slices were incubated at 4°C for 2-4 h in Streptavidin-Cy3 (1:1000). Following retrieval of the labeled cell body, selected tissue sections were incubated (4° C, 2 nights) in PBS containing primary antibodies against tyrosine hydroxylase (TH, mouse anti-TH; 1:1000). For visualization of TH immunoreactivity fluorescent conjugates were used (AlexaFluor 647-conjugated Donkey anti-mouse; 1:500, 4°C, 4h). Sections were then mounted in moviol for viewing with a confocal laser-scanning microscope. For the CTB experiment, brains were fixed in situ twelve days after injection by intracardiac perfusion of 4 % PFA in 0.1 M Na2HPO4-NaH2PO4 buffer, pH 7.5, delivered with a peristaltic pump at 20 ml/min for 5 min. Brains were removed and post-fixed overnight in the same fixative solution. Coronal NAc sections (30 μm) were cut with a vibratome and then kept in a solution containing 30 % ethylene glycol, 30 % glycerol, 0.1 M phosphate buffer, and 0.1 % diethylpyrocarbonate (DEPC) at -20°C until they were processed for immunohistochemistry. Free-floating sections were rinsed in Tris-buffered saline (TBS; 0.25 M Tris and 0.5 M NaCl, pH 7.5 containing NaF 0.1 M) and incubated for 15 min in 0.2 % Triton X-100 in TBS. After rinses, sections were saturated for 1 h with 3 % BSA, 0.2 % Triton in TBS. Sections were then rinsed in TBS and incubated overnight at 4°C with primary antibody (anti-GFP, 1/300). After rinses, sections were incubated for 2 h at RT with the following secondary antibody: FITC-conjugated anti-rabbit (1/100). Nuclei were then counterstained with Hoechst and sections mounted under coverslips with moviol. Pictures of the nucleus accumbens were taken using laser-scanning microscope with a 40 x oil immersion objective.
Electrophysiology in acute brain slices: Horizontal slices of the midbrain were prepared using a vibratome in ice cold artificial cerebrospinal fluid (ACSF) containing: NaCl 119 mM, KCl 2.5 mM, MgCl2 1.3 mM, NaH2PO4 1.0 mM, NaHCO3 26.2 mM, CaCl2 2.5 mM and glucose 11 mM, continuously bubbled with 95 % O2 and 5 % CO2. Slices were submerged in 34°C ACSF for 30 min and allowed to recover for another 30 min at room temperature. They were subsequently transferred to the recording chamber, superfused with 2.5 ml min-1 ACSF at nearly physiological temperature (30-32°C). Slices were visualized on a scope equipped with a 40x objective lens. Neurons were recorded by means of whole-cell voltage-clamp at -60 mV. Borosilicate glass pipettes were prepared at a resistance range of 2-4 MΩ. The internal solution contained: KCl 100 mM, potassium gluconate 30 mM, MgCl2 4 mM, sodium creatine phosphate 10 mM, Na2ATP 3.4 mM, Na3GTP 0.1 mM, EGTA 1.1 mM and HEPES 5 mM. For sIPSC recordings, the internal solution contained: 130 mM CsCl, 4 mM NaCl, 2 mM MgCl2, 1.1 mM EGTA, 5 mM HEPES buffer, 2 mM Na2ATP, 5 mM sodium creatinephosphate, 0.6 mM Na3GTP and 0.1 mM spermine. The calculated reversal potential in both internal solutions for Cl-was -4.9 mV. Currents were amplified, filtered at 2 kHz and digitized at 10 kHz and saved on a hard disk . The liquid junction potential was small (-4 mV) and traces were therefore not corrected. Access resistances were monitored by a hyperpolarizing step of -4 mV at the onset of every sweep and the experiment was discarded if the access resistance changed by more than 20 %. Ih currents were activated by a 500 ms hyperpolarizing step from -60 mV holding potential to -120 mV. ChR2 was stimulated by flashing 470 nm blue light (0.1-2 ms) at 0.1 Hz through the light path of the microscope using an LED powered by an LED driver under computer control. Light-evoked IPSCs were recorded in the presence of kynurenic acid (2 mM). Paired pulse ratios were evoked at an interval of 50 ms. Representative example traces are shown as average of 30 consecutive IPSCs. For the plasticity experiments, representative traces were taken from the last 5 min of the baseline and at least 20 min after the induction of the plasticity.
Electrophysiology data analysis: Electrophysiological data were analyzed in IGOR, Prism and Mini Analysis software. In vivo firing rates were statistically analysed using student's t-test for unpaired data. Light-evoked changes of firing rates in DA neurons were compared using student's t-test for paired data. sIPSC distributions were statistically analyzed using the nonparametric two-sample Kolmogorov-Smirnov test and student's t-test for unpaired data. HFS effect on light-evoked IPSC amplitudes, failure rates, 1/CV2 and PPRs was evaluated using Wilcoxon signed rank test or student's t-test for paired data.
Drug treatment: C57/BL6 mice or DATKI mice were injected intraperitoneally (i.p.) with cocaine (15 mg/kg) or 0.9 % saline with a 26G hypodermic needle to minimize stress.
Locomotor sensitization: BL6/C57 mice were cannulated in the VTA (see above) and allowed at least 1 week of recovery before any behavioral experiments were carried out. Locomotor activity was measured as the number of quarter turns completed by a mouse in a circular corridor. The locomotor apparatus was placed under a video tracking system and measurements were made automatically by the software. After 3 days of habituation to the test apparatus, mice underwent the experimental procedure, which consisted of one session of in vivo HFS through a fiber optics and connected solid state laser 24h later and 5 daily injections of 15mg/kg cocaine i.p. starting 24h after HFS. After mice received cocaine, they were immediately placed in the circular corridor for 60 min. For statistical analysis of the day effect, the ChR2 effect and the interaction, two way ANOVA for repeated measures and Bonferroni Post-hoc analysis for within-group analysis was used.
Conditioned place preference:
A three-chamber CPP apparatus was used. Two chambers are separated by a corridor and have distinct walls drawings, floor and shape (with equal surface). A video tracking system recorded all animal movements. The paradigm consisted in three sessions over four days. On the pretest session (day 0), mice were allowed to freely explore the entire apparatus (20 min session). On the conditioning sessions (days 1 and 2), for each mouse, one chamber was associated to cocaine injection (10 mg/kg) and the other to saline injection. Mice had only access to the cocaine/ saline associated chamber (30min). The optogenetic HFS treatment was applied 24 h prior to the cocaine conditioning session. On the test session (day 3), mice were had free access to the whole apparatus as in the conditions of day 0. The CPP score was the measured as the time spent in the cocaineassociated chamber on test day subtracting the time spent in the same chamber on the pretest day. ttest for used for statistical analysis. 
